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Abstract 
Summary: Genome-level evolutionary inference (i.e., phylogenomics) 
is becoming an increasingly essential step in many biologists’ work – 
such as in the characterization of newly recovered genomes, or in 
leveraging available reference genomes to guide evolutionary 
questions. Accordingly, there are several tools available for the major 
steps in a phylogenomics workflow. But for the biologist whose main 
focus is not bioinformatics, much of the computational work required – 
such as accessing genomic data on large scales, integrating genomes 
from different file formats, performing required filtering, stitching 
different tools together, etc. – can be prohibitive. Here I introduce 
GToTree, a command-line tool that can take any combination of fasta 
files, GenBank files, and/or NCBI assembly accessions as input and 
outputs an alignment file, estimates of genome completeness and 
redundancy, and a phylogenomic tree based on the specified single-
copy gene (SCG) set. While GToTree can work with any custom hidden 
Markov Models (HMMs), also included are 13 newly generated SCG-
set HMMs for different lineages and levels of resolution, built based on 
searches of ~12,000 bacterial and archaeal high-quality genomes. 
GToTree aims to give more researchers the capability to make 
phylogenomic trees. 
 
Availability: GToTree is open-source and freely available for download 
from:  github.com/AstrobioMike/GToTree 
Documentation:  github.com/AstrobioMike/GToTree/wiki 
Implementation: GToTree is implemented primarily in bash, with 
helper scripts written in Python. 
Contact:  Mike.Lee@nasa.gov 
 
1.  Introduction 
The number of sequenced genomes is increasing rapidly, largely 
through the recovery of metagenome-assembled genomes (MAGs) 
(e.g. Hug et al. 2016; Parks et al. 2017) and through the generation of 
single-cell amplified genomes (SAGs) (e.g. Kashtan et al. 2014; Berube 
et al. 2018). Phylogenomics (inferring genome-level evolutionary 
relationships) is becoming a fundamental step in the characterization of 
newly recovered genomes. Additionally, large-scale comparative 
genomics efforts leveraging growing public databases can be employed 
to investigate evolutionary avenues such as ancestral reconstruction 
(Braakman, Follows, and Chisholm 2017), which are guided by 
phylogenomics.  
 There are several tools available for the major steps in a 
phylogenomics workflow, and at least one analysis platform that 
incorporates a phylogenomics workflow amid a larger infrastructure 
(anvi’o; Eren et al. 2015). But a complete workflow focused solely on 
phylogenomics, enabling greater efficiency and scalability, and with 
flexibility with regard to input formats, is lacking.  
 GToTree fills a void on three primary fronts: 1) it accepts as input 
any combination of fasta files, GenBank files, and/or NCBI accessions 
– allowing integration of genomes from various sources and stages of 
analysis without any computational burden to the user; 2) it enables the 
automation of required between-tool tasks such as filtering out hits by 
gene-length, filtering out genomes with too few hits to the specified 
target genes, and swapping genome identifiers so resulting trees and 
alignments can be explored more easily; and 3) its scalability – 
GToTree can turn ~1,700 input genomes into a tree in one hour on a 
standard laptop, and can optionally run many steps in parallel. This 
software gives more researchers the capability to create phylogenomic 
trees to aid in their work. 
 
2. Description 
2.1 Input 

The required inputs to GToTree are 1) any combination of fasta files, 
GenBank files, and/or NCBI assembly accessions, and 2) an HMM file 
with the target genes. The HMM file can be custom or one of the 13 
included HMM files covering varying breadths of diversity. Optionally, 
the user can also provide a mapping file of specific input genome IDs 
with the labels they would like to have displayed in the final alignment 
and tree.  
 
2.2 Processing 
An overview of the GToTree workflow is presented in Figure 1 and 
detailed here: 
 
1. Retrieve coding-sequences (CDSs) for input genomes, depending 

on the input source: 
• fasta files - identify CDSs with prodigal (Hyatt et al. 2010) 
• GenBank files – extract CDSs if annotated, if not identify 

with prodigal (Hyatt et al. 2010) 
• NCBI accession – download GenBank and RefSeq 

assembly summary files as needed, build appropriate ftp 
paths, attempt to download just the amino acid sequences 
of CDSs if annotated, if not, download the assembly in 
fasta format and identify CDSs with prodigal (Hyatt et al. 
2010) 
 

2. Identify target genes in all genomes with HMMER3 (Eddy 2011) 
using pre-defined model cutoffs (--cut_ga) 
 

3. Report estimates of genome completeness/redundancy using the 
information from the HMM search 
 

4. Filter gene-hits and genomes, add in gap-sequences: 
• filter out gene-hits based on length (get the median of all 

genes in that set, filter out those whose length is not within 
a specified range of the median length) 

• filter out genomes if they do not have successful hits to at 
least a specified fraction of the total target genes searched  

• add in gap-sequences for target genes that are missing 
from genomes retained in the analysis 
 

5. Align, trim, and concatenate:  
• align each gene-set with Muscle (Edgar 2004) 
• perform automated trimming with Trimal (Gutíerrez et al. 

2009) 
• concatenate all gene-sets together into full alignment 

 
6. Optionally add more informative genome labels to be displayed in 

the alignment and tree, with either or both of the following:  
• a two- or three-column tab-delimited mapping file with input 

genome ID in column 1, either the desired label in column 2 
to swap entirely, and/or a string of text to append to the 
label in column 3 (not all input genomes need to be 
specified) 

• use TaxonKit (github.com/shenwei356/taxonkit) in order to 
add lineage information to genome labels that had 
associated taxids (whether from NCBI accessions or found 
in the provided GenBank files) 

 
7. Tree with FastTree (Price, Dehal, and Arkin 2010). 
 
2.3 Outputs 
The primary outputs from GToTree include the full alignment file (fasta), 
the tree file (newick), and tab-delimited summary tables with 
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information on all genomes and individual ones for each genome input 
source. Additionally, outputs include report files on filtered or 
problematic genes/genomes.  
 
2.4 SCG-set generation 
All 17,929 Pfam (protein families; El-gebali et al. 2019) HMM profiles 
from release 32.0 (accessed on Dec. 2018) were downloaded from the 
Pfam ftp site (ftp://ftp.ebi.ac.uk/pub/databases/Pfam/). As Pfam-HMMs 
actually target specific domains or protein regions, there are many 
unique Pfam entries that come from the same functional protein – e.g. 
Enolase_N (PF03952) and Enolase_C (PF00113). This is not ideal if 
using them to search for SCGs for purposes such as phylogenomics or 
completion/redundancy estimates. To ensure no two Pfam-HMMs from 
the same protein were contained in a SCG-set, only Pfams with HMMs 
that on average covered greater than 50% of the underlying protein 
sequences that went into building that Pfam’s HMM were retained. This 
left 8,924 Pfams.  

Amino-acid coding-sequences of all “complete” genomes with 
annotations in NCBI were downloaded for bacteria (N=11,405; 
accessed 09-Dec-2018) and archaea (N=309; accessed 15-Dec-2018). 
All protein sequences were searched against the 8,924 filtered Pfam-
HMMs with `hmmsearch` (HMMER v3.2.1; Eddy 2011) with default 
settings other than specifying the “--cut_ga” flag to utilize the gathering 
thresholds stored in the curated Pfam models. Reported protein hits for 
each individual Pfam were tallied for each individual genome (Supp. 
Table 1). SCG-sets were generated for all Bacteria, all Archaea, and 
then for each bacterial phylum that held greater than 99 genomes, and 
each proteobacterial class that had greater than 99 genomes. For each 
of those taxonomic groups, Pfams that had 1 hit in greater than or 
equal to 90% of the genomes of that group were retained as the SCG-
set for that group. These are summarized in Supp. Table 2, and the 
code used to generate the bacterial set is presented at 
github.com/AstrobioMike/GToTree/wiki/SCG-sets. 
 
3.  Results 
To exemplify GToTree, NCBI assembly accessions were downloaded 
for all RefSeq, complete, representative genomes (with the search 
query ' "latest refseq"[filter] AND "complete genome"[filter] AND 

"representative genome"[filter] AND all[filter] NOT anomalous[filter] ' 
performed on 20-Dec-2018). This resulted in 1,698 genomes spanning 
Archaea, Bacteria, and Eukarya. Using a SCG-set that spans all 3 
domains (Hug et al. 2016), runtime to create this tree (Figure 1) was 
~60 minutes on a standard laptop (used was a late 2013 MacBook 
Pro). The tree was visualized by uploading the output newick file to the 
web-hosted Interactive Tree of Life (Letunic and Bork 2016), all code to 
generate it and the results files come packaged with GToTree. 
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Figure	1	|	Overview	of	general	workflow	and	an	example	Tree	of	Life	made	with	GToTree	encompassing	~1,700	genomes	from	
NCBI’s	RefSeq	using	a	universal	SCG-set	(Hug	et	al.	2016).	
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GCF 000376645.1 Bacteria Proteobacteria Gammaproteobacteria Mannheimia haemolytica M42548
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GCF 000018665.1 Bacteria Proteobacteria Betaproteobacteria Delftia acidovorans SPH-1
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GCF 000265465.1 Bacteria Bacteroidetes Flavobacteriia Ornithobacterium rhinotracheale DSM 15997
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GCF 000015565.1 Bacteria Proteobacteria Betaproteobacteria Verminephrobacter eiseniae EF01-2
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GCF 000020525.1 Bacteria Chlorobi Chlorobia Chloroherpeton thalassium ATCC 35110

GCF 001267925.1 Bacteria Proteobacteria Betaproteobacteria Herbaspirillum hiltneri N3
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GCF 000757785.1 Bacteria Proteobacteria Gammaproteobacteria Pluralibacter gergoviae FB2
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GCF 001586255.1 Bacteria Proteobacteria Gammaproteobacteria Zhongshania aliphaticivorans SM2

GCF 001721185.1 Bacteria Proteobacteria Gammaproteobacteria Xenorhabdus hominickii ANU1
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GCF 000279145.1 Bacteria Ignavibacteriae Ignavibacteria Melioribacter roseus P3M-2
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GCF 000189415.1 Bacteria Bacteroidetes Flavobacteriia Weeksella virosa DSM 16922
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GCF 001442785.1 Bacteria Proteobacteria Gammaproteobacteria Lysobacter capsici 55
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GCF 000018605.1 Bacteria Thermotogae NA Petrotoga mobilis SJ95
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GCF 000284315.1 Bacteria Nitrospirae Nitrospira Leptospirillum ferrooxidans C2-3
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GCF 001545155.1 Bacteria Proteobacteria Gammaproteobacteria Halomonas chromatireducens AGD 8-3
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GCF 000092105.1 Bacteria Planctomycetes Planctomycetia Planctopirus limnophila DSM 3776
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GC
F 0

010
111

15.
1 A

rch
aea

Eu
rya

rch
aeo

ta H
alo

bac
teri

a H
ala

nae
roa

rch
aeu

m s
ulfu

rire
duc

ens
HS

R2

GCF
00014

4605.
1 Bac

teria P
roteob

acteri
a Alph

aprote
obact

eria B
revun

dimon
as su

bvibri
oides

ATCC
15264

GC
F 0
015

536
25.1

Bac
teria

Pro
teob

acte
ria D

elta
pro
teob

acte
ria D

esu
lfom

icro
bium

ora
le D

SM
128

38

GC
F0

00
34
99
75
.1
Ba

cte
ria

Pro
teo

ba
cte

ria
Ep

silo
np
rot
eo
ba
cte

ria
He

lico
ba
cte

rc
ina

ed
iAT

CC
BA

A-8
47

GC
F 0

000
078

65.
1 B

act
eria

Act
ino
bac

teri
a N

A M
yco

bac
teri

um
avi
um

K-1
0

GC
F 00

014
469

5.1
Bac

teria
Firm

icut
es C

lost
ridia

Ace
toha

lobi
um

arab
atic
um

DSM
550

1

GCF 0
02073

635.2
Bacte

ria Pro
teoba

cteria
Alpha

proteo
bacter

ia Par
acocc

us yee
i FDA

ARGO
S 252

GCF 0
00233

715.2
Bacter

ia Firm
icutes

Clostri
dia De

sulfalla
s gibso

niae D
SM 7213

GCF
0020

0546
5.1 B

acte
ria P

roteo
bact

eria
Alph

apro
teob

acte
ria N

eoas
aia c

hian
gma

iens
is NB

RC 1
0109

9

GC
F 0

000
245

45.
1 B

act
eria

Act
ino

bac
teri

a N
A S

tac
keb

ran
dtia

nas
sau

ens
is D

SM
447

28

GCF 000259175.1 Bacteria Proteobacteria Gammaproteobacteria Providencia stuartii MRSN 2154
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GCF 001314945.1 Bacteria Firmicutes Bacilli Lactobacillus kunkeei MP2
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GCF 002158865.1 Bacteria Proteobacteria Betaproteobacteria Comamonas serinivorans DSM 26136
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GCF 000739435.1 Bacteria Proteobacteria Gammaproteobacteria Actinobacillus suis ATCC 33415

GCF 000213825.1 Bacteria Firmicutes Bacilli Streptococcus parauberis KCTC 11537
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GCF 000195335.1 Bacteria Deinococcus-Thermus Deinococci Marinithermus hydrothermalis DSM 14884

GCF 000964565.1 Bacteria Proteobacteria Gammaproteobacteria Yersinia ruckeri Big Creek 74
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GCF 000186385.1 Bacteria Deinococcus-Thermus Deinococci Deinococcus maricopensis DSM 21211
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GCF 002075105.1 Bacteria Firmicutes Bacilli Lactobacillus amylolyticus L6
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GCF 002101335.1 Bacteria Firmicutes Bacilli Staphylococcus lutrae ATCC 700373

GCF 000026405.1 Bacteria Firmicutes Bacilli Leuconostoc citreum KM20

GCF 001606025.1 Bacteria Proteobacteria Gammaproteobacteria Psychrobacter alimentarius PAMC 27889

GCF 000164865.1 Bacteria Proteobacteria Gammaproteobacteria Enterobacter lignolyticus SCF1
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GCF 000294775.2 Bacteria Firmicutes Bacilli Bacillus oceanisediminis 2691

GCF 000512355.1 Bacteria Proteobacteria Gammaproteobacteria Legionella oakridgensis ATCC 33761 = DSM 21215 OR-10

GCF 000385925.1 Bacteria Firmicutes Bacilli Streptococcus cristatus AS 1.3089

GC
F 00

002
048

5.1
Bac

teria
Firm

icut
es C

lost
ridia

Hal
othe

rmo
thrix

oren
ii H

168
DSM

956
2
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GCF 000816085.1 Bacteria Firmicutes Bacilli Staphylococcus hyicus ATCC 11249
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GCF 000517425.1 Bacteria Proteobacteria Gammaproteobacteria Sodalis praecaptivus HS1
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GCF 000020945.1 Bacteria Coprothermobacterota Coprothermobacteria Coprothermobacter proteolyticus DSM 5265
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GCF 900087055.1 Bacteria Proteobacteria Gammaproteobacteria Plesiomonas shigelloides NCTC10360
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GCF 000209675.1 Bacteria Proteobacteria Gammaproteobacteria Gallibacterium anatis UMN179
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GCF 000019785.1 Bacteria Proteobacteria Betaproteobacteria Leptothrix cholodnii SP-6
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GCF 000828615.1 Bacteria Proteobacteria Gammaproteobacteria Thiolapillus brandeum Hiromi 1
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GCF 000397205.1 Bacteria Proteobacteria Gammaproteobacteria Pseudomonas protegens CHA0

GCF 001553545.1 Bacteria Bacteroidetes Flavobacteriia Capnocytophaga haemolytica CCUG 32990

GCF
0000

1868
5.1 B

acte
ria F

irmic
utes

Clos
tridia

Lach
noclo

strid
ium

phyt
oferm

enta
ns IS

Dg

GC
F 0

019
988

65.
1 B

act
eria

Ac
tino

bac
ter
ia N

A T
ess

ara
coc

cus
flav

esc
ens

SS
T-3

9T

GCF 001547755.1 Bacteria Proteobacteria Gammaproteobacteria Bathymodiolus septemdierum thioautotrophic gill symbiont Myojin Knoll
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GCF 000018285.1 Bacteria Proteobacteria Gammaproteobacteria Shewanella pealeana ATCC 700345
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GCF 000237065.1 Bacteria Proteobacteria Gammaproteobacteria Pseudomonas fluorescens F113
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GCF 000010125.1 Bacteria Firmicutes Bacilli Staphylococcus saprophyticus ATCC 15305
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GCF 001636015.1 Bacteria Proteobacteria Gammaproteobacteria Moraxella ovis 199 55
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GCF 000973085.1 Bacteria Fusobacteria Fusobacteriia Sneathia amnii SN35
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GCF 000754275.1 Bacteria Proteobacteria Gammaproteobacteria Pasteurella multocida ATCC 43137
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GCF 0
020032

65.1 Ba
cteria F

irmicut
es Bac

illi Pae
nibacill

us larv
ae ATC

C 9545

GCF 002163585.1 Bacteria Proteobacteria Gammaproteobacteria Tatumella citrea DSM 13699

GC
F0

00
02
32
65
.1
Ba

cte
ria

Ac
tino

ba
cte

ria
Ac
idim

icro
biia

Ac
idim

icro
biu

m
fer
roo

xid
an
sD

SM
10
33
1

GCF
0000

2016
5.1 B

acte
ria F

irmic
utes

Clos
tridia

Clos
tridiu

m bo
tulin

um E
klun

d 17
B

GCF 000046685.1 Ba
cteria Proteobac

teria Alphaproteo
bacteria Bartone

lla quintana Toul
ouse

GC
F 0

004
540

45.
1 B

act
eria

Act
ino

bac
teri

a N
A R

hod
oco

ccu
s e

ryth
rop

olis
CC

M2
595

GC
F 0

000
133

45.
1 B

act
eria

Ac
tino

bac
ter
ia N

A F
ran

kia
cas

uar
ina

e C
cI3

GCF 000196495.1 Bacteria Proteobacteria Gammaproteobacteria Aliivibrio salmonicida LFI1238
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GCF 000953695.1 Bacteria Proteobacteria Gammaproteobacteria Aliivibrio wodanis

GCF
0008

0725
5.1 B

acte
ria F

irmic
utes

Clos
tridia

Clos
tridiu

m pa
steu

rianu
m D

SM
525

GCF 000
009845.

1 Bacter
ia Tener

icutes M
ollicutes

Onion ye
llows ph

ytoplasm
a onion

yellows

GC
F0

001
439

85.
1B

act
eria

Sp
iroc

hae
tes

Sp
iroc

hae
tia

Se
dim

inis
piro

cha
eta

sm
ara

gdi
nae

DS
M1

129
3

GCF 000283615.1 Bacteria Firmicutes Bacilli Tetragenococcus halophilus NBRC 12172
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GCF 000217635.1 Bacteria Proteobacteria Gammaproteobacteria Buchnera aphidicola
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GCF 001677275.1 Bacteria Proteobacteria Gammaproteobacteria Vibrio breoganii FF50
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GCF 000172635.2 Bacteria Proteobacteria Gammaproteobacteria Alteromonas macleodii ATCC 27126
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GCF 001307195.1 Bacteria Proteobacteria Gammaproteobacteria Acinetobacter equi 114
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GCF 001580455.1 Bacteria Proteobacteria Betaproteobacteria Ramlibacter tataouinensis 5-10
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GCF 001444405.1 Bacteria Proteobacteria Gammaproteobacteria Pseudoalteromonas phenolica KCTC 12086

GCF 000220625.1 Bacteria Bacteroidetes Flavobacteriia Capnocytophaga canimorsus Cc5
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GCF 001457475.1 Bacteria Proteobacteria Betaproteobacteria Achromobacter xylosoxidans NCTC10807
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GCF 000069965.1 Bacteria Proteobacteria Gammaproteobacteria Proteus mirabilis HI4320
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GCF 000191545.1 Bacteria Firmicutes Bacilli Lactobacillus amylovorus 30SC
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GCF 000219215.1 Bacteria Proteobacteria Betaproteobacteria Cupriavidus necator N-1
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GCF 000019285.1 Bacteria Proteobacteria Gammaproteobacteria Francisella philomiragia ATCC 25017
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GCF 001050435.1 Bacteria Firmicutes Bacilli Lactobacillus koreensis 26-25

GCF 001026985.1 Bacteria Proteobacteria Gammaproteobacteria Pragia fontium 24613
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GCF 900116935.1 Bacteria Firmicutes Bacilli Lactobacillus acidipiscis ACA-DC 1533
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GCF 000072485.1 Bacteria Proteobacteria Gammaproteobacteria Stenotrophomonas maltophilia K279a
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GCF 000497525.1 Bacteria Firmicutes Bacilli Bacillus thuringiensis YBT-1518
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GCF 000017245.1 Bacteria Proteobacteria Gammaproteobacteria Actinobacillus succinogenes 130Z
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GCF 000248095.2 Bacteria Firmicutes Bacilli Lactobacillus mucosae LM1
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GCF 000818095.1 Bacteria Firmicutes Bacilli Jeotgalibacillus malaysiensis D5
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GCF 000008885.1 Bacteria Proteobacteria Gammaproteobacteria Wigglesworthia glossinidia
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GCF 000012605.1 Bacteria Proteobacteria Gammaproteobacteria Hydrogenovibrio crunogenus XCL-2
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GCF 001543285.1 Bacteria Firmicutes Bacilli Aerococcus viridans CCUG4311
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GCF 002208135.1 Bacteria Proteobacteria Gammaproteobacteria Pseudoalteromonas piscicida DE2-B

GCF 000266925.1 Bacteria Synergistetes Synergistia Acetomicrobium mobile DSM 13181
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GCF 000023065.1 Bacteria Proteobacteria Gammaproteobacteria Tolumonas auensis DSM 9187

GCF 000024085.1 Bacteria Proteobacteria Gammaproteobacteria Kangiella koreensis DSM 16069
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GCF 000013665.1 Bacteria Proteobacteria Gammaproteobacteria Saccharophagus degradans 2-40

GCF 002214645.1 Bacteria Proteobacteria Betaproteobacteria Diaphorobacter polyhydroxybutyrativorans SL-205
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GCF 000225445.1 Bacteria Proteobacteria Gammaproteobacteria Buchnera aphidicola Ak

GCF 000024405.1 Bacteria Fusobacteria Fusobacteriia Sebaldella termitidis ATCC 33386
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GCF 000299335.2 Bacteria Proteobacteria Gammaproteobacteria Alcanivorax pacificus W11-5
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GCF 000227665.2 Bacteria Proteobacteria Gammaproteobacteria Thiomicrospira aerophila AL3
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GCF 000190535.1 Bacteria Bacteroidetes Bacteroidia Odoribacter splanchnicus DSM 220712
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GCF 000761155.1 Bacteria Proteobacteria Gammaproteobacteria Pseudomonas rhizosphaerae DSM 16299
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GCF 000006725.1 Bacteria Proteobacteria Gammaproteobacteria Xylella fastidiosa 9a5c

GCF 002028405.1 Bacteria Proteobacteria Betaproteobacteria Thiomonas intermedia ATCC 15466
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GCF 000016645.1 Bacteria Bacteroidetes Flavobacteriia Flavobacterium johnsoniae UW101 ATCC 17061
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GCF 001902315.1 Bacteria Firmicutes Bacilli Staphylococcus succinus 14BME20
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GCF 000817975.1 Bacteria Proteobacteria Gammaproteobacteria Azotobacter chroococcum NCIMB 8003
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GCF 000233915.3 Bacteria Proteobacteria Gammaproteobacteria Pseudoxanthomonas spadix BD-a59
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GCF 000309885.1 Bacteria Deinococcus-Thermus Deinococci Thermus oshimai JL-2
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GCF 002025725.1 Bacteria Proteobacteria Betaproteobacteria Herbaspirillum robiniae AA6
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GCF 001043175.1 Bacteria Proteobacteria Gammaproteobacteria Marinobacter psychrophilus 20041
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GCF 001865575.1 Bacteria Proteobacteria Betaproteobacteria Paraburkholderia sprentiae WSM5005

GC
F 0

002
669

45.
1 B

acte
ria
Pro

teo
bac

teri
a D

elta
pro

teo
bac

teri
a D

esu
lfom

onil
e tie

djei
DS
M 6

799

GCF 000185965.1 Bacteria Proteobacteria Gammaproteobacteria Pseudoxanthomonas suwonensis 11-1

GCF 000696485.1 Bacteria Proteobacteria Gammaproteobacteria Halomonas campaniensis LS21

GCF 000176855.2 Bacteria Proteobacteria Betaproteobacteria Acidovorax avenae ATCC 19860
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GCF 000828675.1 Bacteria Thermotogae NA Thermotoga profunda AZM34c06
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GCF 000317835.1 Bacteria Deinococcus-Thermus Deinococci Deinococcus peraridilitoris DSM 19664

GCF 000018945.1 Bacteria Thermotogae NA Thermotoga neapolitana DSM 4359

GCF 001951175.1 Bacteria Firmicutes Bacilli Lactobacillus crustorum MN047
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GCF 000981765.1 Bacteria Proteobacteria Gammaproteobacteria Kangiella geojedonensis YCS-5

GCF 000236705.1 Bacteria Bacteroidetes Flavobacteriia Owenweeksia hongkongensis DSM 17368
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GCF 000025405.2 Bacteria Proteobacteria Gammaproteobacteria Pantoea ananatis LMG 20103

GCF 001590685.1 Bacteria Firmicutes Bacilli S
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GCF 000325705.1 Bacteria Bacteroidetes Cytophagia Echinicola vietnamensis DSM 17526

GCF 000238255.3 Bacteria Proteobacteria Gammaproteobacteria Pseudoalteromonas spongiae UST010723-006
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GCF 000019745.1 Bacteria Proteobacteria Betaproteobacteria Polynucleobacter necessarius STIR1

GCF 000982825.1 Bacteria Proteobacteria Gammaproteobacteria Cronobacter sakazakii ATCC 29544
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GCF 002005365.1 Bacteria Proteobacteria Betaproteobacteria Paenalcaligenes hominis 15S00501
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GCF 000157355.2 Bacteria Firmicutes Bacilli Enterococcus casseliflavus EC20
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GCF 001042405.1 Bacteria Firmicutes Bacilli Lactobacillus acetotolerans NBRC 13120
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GCF 001499655.1 Bacteria Chlamydiae Chlamydiia Candidatus Protochlamydia naegleriophila KNic

GCF 001676705.1 Bacteria Proteobacteria Betaproteobacteria Bordetella bronchialis AU3182
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GCF 900078695.1 Bacteria Proteobacteria Betaproteobacteria Bordetella trematum H044680328
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GCF 000008325.1 Bacteria Proteobacteria Gammaproteobacteria Methylococcus capsulatus Bath

GCF 000265505.1 Bacteria Bacteroidetes Cytophagia Bernardetia litoralis DSM 6794

GCF 000015345.1 Bacteria Proteobacteria Gammaproteobacteria Dichelobacter nodosus VCS1703A

GCF 000023605.1 Bacteria Proteobacteria Gammaproteobacteria Pectobacterium carotovorum PC1

GCF 000165715.2 Bacteria Planctomycetes Planctomycetia Rubinisphaera brasiliensis DSM 5305
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GCF 000300135.1 Bacteria Firmicutes Bacilli Leuconostoc carnosum JB16
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GCF 001553955.1 Bacteria Proteobacteria Gammaproteobacteria Moraxella osloensis CCUG 350

GCF 000300295.4 Bacteria Proteobacteria Gammaproteobacteria Piscirickettsia salmonis ATCC VR-1361
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GCF 000772105.1 Bacteria Proteobacteria Gammaproteobacteria Vibrio tubiashii ATCC 19109
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GCF 000148645.1 Bacteria Proteobacteria Gammaproteobacteria Ferrimonas balearica DSM 9799
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GCF 000801275.2 Bacteria Proteobacteria Gammaproteobacteria Vibrio nigripulchritudo SFn1
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GCF 000265365.1 Bacteria Bacteroidetes Bacteroidia Alistipes finegoldii DSM 17242

GCF 000521565.1 Bacteria Proteobacteria Gammaproteobacteria Buchnera aphidicola G002

GCF 000055785.1 Bacteria Proteobacteria Gammaproteobacteria Chromohalobacter salexigens DSM 3043
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GCF 001484935.1 Bacteria Proteobacteria Gammaproteobacteria Acinetobacter johnsonii XBB1
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GCF 000146025.2 Bacteria NA Elusimicrobia uncultured Termite group 1 bacterium
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GCF 000009365.1 Bacteria Proteobacteria Gammaproteobacteria Alcanivorax borkumensis SK2

GCF 000327045.1 Bacteria Proteobacteria Gammaproteobacteria Thioflavicoccus mobilis 8321

GCF 000183425.1 Bacteria Bacteroidetes Cytophagia Marivirga tractuosa DSM 4126
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GCF 000020545.1 Bacteria Chlorobi Chlorobia Chlorobium phaeobacteroides BS1

GCF 000255535.1 Bacteria Proteobacteria Gammaproteobacteria Rahnella aquatilis HX2
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GCF 000006685.1 Bacteria Chlamydiae Chlamydiia Chlamydia muridarum Nigg

GCF 001558255.2 Bacteria Proteobacteria Gammaproteobacteria Grimontia hollisae ATCC 33564

GCF 000023285.1 Bacteria Bacteroidetes Flavobacteriia Capnocytophaga ochracea DSM 7271
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GCF 001584185.1 Bacteria Proteobacteria Betaproteobacteria Collimonas pratensis Ter91

GCF 000832905.1 Bacteria Firmicutes Bacilli Bacillus coagulans ATCC 7050

GCF 000265385.1 Bacteria Bacteroidetes Flavobacteriia Aequorivita sublithincola DSM 14238

GCF 000180175.2 Bacteria Proteobacteria Gammaproteobacteria Plautia stali symbiont

GCF 000014505.1 Bacteria Firmicutes Bacilli Pediococcus pentosaceus ATCC 25745

GCF 000013645.1 Bacteria Proteobacteria Betaproteobacteria Paraburkholderia xenovorans LB400

GCF 000017545.1 Bacteria Thermotogae NA Fervidobacterium nodosum Rt17-B1

GCF 000246855.1 Bacteria Bacteroidetes Chitinophagia Niastella koreensis GR20-10
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GCF 001483865.1 Bacteria Proteobacteria Betaproteobacteria Roseateles depolymerans KCTC 42856
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GCF 000007745.1 Bacteria Proteobacteria Gammaproteobacteria Mannheimia succiniciproducens MBEL55E

GCF 001611675.1 Bacteria Bacteroidetes Cytophagia Pontibacter akesuensis AKS 1T

GCF 001750165.1 Bacteria Proteobacteria Gammaproteobacteria Pseudoalteromonas luteoviolacea S4054249
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GCF 001411495.1 Bacteria Proteobacteria Betaproteobacteria Burkholderia cepacia UCB 717
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GCF 000973505.1 Bacteria Proteobacteria Gammaproteobacteria Blochmannia endosymbiont of Polyrhachis Hedomyrma turneri 675

GCF 001761465.1 Bacteria Bacteroidetes Flavobacteriia Flavobacterium gilvum EM1308

GCF 001517405.1 Bacteria Proteobacteria Gammaproteobacteria Erwinia gerundensis

GCF 000212375.1 Bacteria Bacteroidetes Bacteroidia Porphyromonas asaccharolytica DSM 20707
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GCF 001687565.2 Bacteria Firmicutes Bacilli Planococcus antarcticus
DSM 14505

GCF 000017705.1 Bacteria Proteobacteria Gammaproteobacteria Vibrio campbellii ATCC BAA-1116 BB120

GCF 000014785.1 Bacteria Proteobacteria Gammaproteobacteria Alkalilimnicola ehrlichii MLHE-1
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GCF 000214215.1 Bacteria Proteobacteria Gammaproteobacteria Marinomonas posidonica IVIA-Po-181

GCF 001886815.1 Bacteria Calditrichaeota Calditrichae Caldithrix abyssi LF13
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GCF 000015505.1 Bacteria Proteobacteria Betaproteobacteria Polaromonas naphthalenivorans CJ2

GCF 000008465.1 Bacteria Proteobacteria Gammaproteobacteria Idiomarina loihiensis L2TR

GCF 001729725.1 Bacteria Proteobacteria Gammaproteobacteria Enterobacter hormaechei DSM 16691
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GCF 001547935.1 Bacteria Proteobacteria Gammaproteobacteria Vibrio tritonius JCM 16456

GCF 001931675.1 Bacteria Proteobacteria Betaproteobacteria Pandoraea thiooxydans ATSB16

GCF 001746835.1 Bacteria Verrucomicrobia Opitutae Lacunisphaera limnophila IG16b
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GCF 001314995.1 Bacteria Bacteroidetes Bacteroidia Bacteroides ovatus ATCC 8483
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GCF 000025085.1 Bacteria Firmicutes Bacilli Staphylococcus lugdunensis HKU09-01

GCF
9001

2016
5.1 B

acter
ia Fir

micu
tes T

issie
rellia

Ezak
iella

mass
iliens

is Ma
rseill

e-P2
951

GC
F 0

002
699

85.
1 B

act
eria

Ac
tino

bac
ter
ia N

A K
itas

ato
spo

ra
set

ae
KM

-60
54

GCF 001999905.1 Bacteria Firmicutes Bacilli Planococcus s
p. Y42 Y42

GCF 001543105.1 Bacteria Firmicutes Bacilli Aerococcus christensenii CCUG28831

GCF 000833025.1 Bacteria Bacteroidetes Flavobacteriia Myroides profundi D25

GCF 000091325.1 Bacteria Proteobacteria Gammaproteobacteria Shewanella violacea DSS12

GC
F 0

018
867

15.
1 B

act
eria

Act
ino

bac
teri

a N
A N

oca
rdia

sp.
Y4
8 Y

48

GCF 002101395.1 Bacteria Proteobacteria Gammaproteobacteria Pantoea alhagi LTYR-11Z
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